SILANE COPOLYMER COATINGS 

/,s ft f 

FIELD OF THE INVENTION 

The invention relates generally to biocompatible, 
hydrophilic coatings, their manufacture, and their use for coattng 
silicone and other difficult to coat medical devices. More 
specifically, the invention relates to hydrophilic coatings winch 
are elastic when dry and resist wet abrasion, and to their use as 
coatings for polydimethylsiloxane (silicone) rubber substrates. 

BACKGROUND OF THE INVENTION 

In the practice of medicine there are many dtagnostic 
and therapeutic procedures which require the insertion of a 
m edical device into the human body through an orifice or Ossue 
or contact of a medical device with blood or tissue. Such devtces 
include guidewires; catheters, including Foley, angioplasty, 
diagnostic, and balloon catheters; implant devices; contact lenses; 
lUDs; peristaltic pump chambers; endotracheal tubes; 
gastroenteric feed tubes; arteriovenous shunts; condoms; and 
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which such medica! devices are made rnciude ~ 
cWoride (PVC), poiyurethane ™*» lass . 

(PTHE) , ^zzzzs+j-. 

more desirabie surface cities is to coat the devices rnade 

— r^r-— - 

the device surface during the penod of use, are 
coatings for many of the easier 
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polyure «ha„e and .atex rubber. These coatings, , ^ - 
poorty adherent to silicone rubber and wash off when the dev.ce 

iSWett6d - Many medica! devices such as guidewires. catheters, 
impl ant devices, contact ienses, lUDs, peristaltic P«**^ 
en otracheal tubes, gastroenteric feed tubes, artenovenous ^ hunt, 
condoms, and oxygenator and kidney membran es ar ^ « 
siUcone rubber or other difficult to coat ma.enals such as 
M polyethylene and polypropylene. -J 
special need in the art for hydrophilic coatmgs for these an 
similarly difficult to coat substrates. 

Adherence of previous* known coatings to such 

surfaces is difficult because the coatings do not form covalent 
surfaces a have pQor 

bonds with the sdicone. As a result, 
adherence, reduced durability, and poor resrstance to 

abtaSi0n - various polymers have been employed as coatings 
for nodical device, These include «^ 
polyethylene glycol (PEG), polyvinyl pyrrolrdon (PVPX an 
polUthane (PU). PEG and PEG are fricuon-reducmg bood 
JLtible polymers that are commercially avarlaole m a vanety 
0 Tlecui: Jeight, Both have been used in combinatron ^ 
vari0 us other materials to produce lubricious coatmgs for 
device, For example, coatings incorporaUng PEG -d 
:« art (U.S. Patents 5,4!>y,:u', 
isocyanates are known m the art (U 
4,487,808, and 4,585,666 to Lambert; and U.S. Patent W 
to Fan e, al ). In addition, polyols may be mcorporated mto such 
^olocyanate coatings to produce a crossed polyurethane 



(PU) network entrapping the PEO (U.S. Patents 5,077,352 and 
5 179 174 to Elton). PEO has also been combined with structural 
piasttc having a high molecular weight to produce a coating w.th 
reduced friction (U.S. Patent 5,041,100 to Rowland). 

None of these coatings are acceptable for coaung 
silicone rubber and other difficult to coat substrates^ Because 
these coatings do not form covalent linkages with the stl^ne 
surface of the substrate, they have poor adherence and durabthty 
and are easily washed from the surface when the substrate ,s 

polyvinyl pyrrolidone (PVP). PVP may be used as a coaung 
alone or in combination with other polymers. For example 
polyvinyl pyrrolidone may be bonded to a substrate by thermaUy 
ctLted free radical initiators, UV light activated ftee-radtca 
gators, or E-beam radiation (WO 89/09246, Q- 
disadvantage of using such coatings is that E-beam radtanon can 
be deleterious to some of the materials used in medical devices 

PVP may be used in conjunction wtth other 
polymer, One such coating is made from PVP and glycidyl 
achate. This coating requires the presence of amino groups on 
the surface of the substrate to react with the epoxy groups of the 
gl ycidyl acrylate to covalenUy bond the PVP-contamrng 
copolymer to the substrate (Nagoacha et ai, Bionatenais, 419 
(1990)). Silicone rubber does not contain any free amino groups, 

surface of the silicone substrate, resulting in poor adhes.on. 
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Other coatings are composed of a mixture of PVP 
and polyurethane. These coatings provide low friction surfaces 
wh en wl, One such coating is a polyvinyl pyrro ^ 
polyurethane interpolymer (US. Patents 4.10O3W and 4.U9J094 
L Micklus e, at.). Another such coating is composed of 
Mends of polyvinyl pyrroHdone (PVP) and linear 
pLfoLd polyurethanes (U.S. Patent 4,642,267 to CresyV n 
addition PVP may be incorporated into a PU network by 
fining a poiyisocyanate and a polyol with a PVP s— 
(U .S. Patents 5)1 60,790 and 5,290,585 to Elton). Sull another 
uch coating is composed of two layers: a primer and a «*co^ 
The primer coat is a polyurethane prepdymer contatnm g to* 
isocyLe groups, while the top coat is a hydrophihc ^ 
of PVP and a polymer having active hydrogen groups, such as 
acrylamide (U.S. Patent 4,373,009 to Winn). 

None of these PVP based coatings are acceptable for 
coating silicone rubber and other difficult to coat substrate, 
Becau e these coatings do not form covalent linkages w* *e 
sili cone surface of the substrate, they have poor adherence a,d 
lability and are easily washed from the surface when the 

substrate is wetted. 

Hydrophilic polyurethanes have also been used m 
formulations other than with PVP as coatings for medical device. 
For example, the prior art discloses coaUngs comp sed o 
polyurethane hydrogels containing a random mrx re J 
polyTsocyanates and a polyether dispersed in an aqueous hcnnd 
phi (U.S. Patent 4,18,354 to Harada « Polyurethanes 
have also been used as coatings in compositions contauung cham- 
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extendedhydrophUic thermop.astic ^™ ^TJ^l 
variety of hydrophilic high mo.ecu.ar weight on- * ha 
po.ymers (U.S. Patent 4,990,357 to Kar.eUe « -OJM- * 

known to mix urethane with a silicone or siloxane emulsion^ Th 
known m ^ may (hen be 

carboxylicacid groups of the subst 
linked with a cross-linking agent, such as a p y 
• a- m <; Patent 5 026,607 to Kiezulas). 

™ a "™« - — - — t; 

of a silicone substrate. 

Thus, there is a critical need in the art 
impro ved coating which is not slippery when dry but ^omes 
Uppery when contacted with aqueous fluids and whi h wi 
X to medical devices made from silicone and other difficult 

"^^tlre is also a need in the art for a coating having 
irapr0 ved durability and uniformity which retains its .ubricity > and 
A a^re to medical devices made from smcone and other 

difficult to coat materials. 

There is also a need in the art coaungs which are 
^compatible and abrasion resistant, having a low wet coefficien 
of Lion, that wiU adhere to medical devices made from sihcone 
and other difficult to coat materials. 



is a further need in the art for a process of 

■ for medical devices made from 
preparing lubricious coaUngs fo m - ^ 
silicone and other difficult to coat matenals whr 
efficient and results in uniformity between batches. 

^'Z^ - present — comp.es 

and their use as «-^JLT£c colgs of the invention 
oth er difficult to coat substrat , ^.ty, 
provide advantageouspropert.es, such P are 
Uniformity, and adhesion to silicone ^ ^ The 
oifficu lt to coat, such as retain 
coatings of the present mvent.on are benetr 
luD ricity and do not leach excessively over ume. ^ 
Stated somewhat more specifically, the 

for oreparing a silane copolymer 
first aspect comprises a method for prep* J ^ 
from one or more polyisocyanates, from one orm ^ 
u • „ *t least two functional groups, wnicn may 

same or drfferent, tha toctiona l silanes having at 

group, and from one or more org 

-east two functional groups, whtch may be *» 

« are reactive with an substrate. 

one functional group reacttve ^ ^ made {rom 

The invention also comprises the suane P 
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compnse either a sin gl e layer or — - ^ 
referred embodiment, the copolymers of the 

coating ^improved durability and— ty which retams rts 
1UbriCUy - « U is an ohiect of the present — «, 

wUich ate biocompatible and abrasion — , havmg a 

coefficient i:r:o th er ^ - - — — - 

provide a single layer, lubrkious coating. 
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lt is yet another object of the invention to provide a 
mul ti-layer coating which comprises a primer coating iayer and a 

lubricious top coat. _ mv ide a 

It is an object of the invention to prov.de 

nolyurethane-silane copolymer. 

P It is another object of the present mventron to 

provide a polyurethane-urea-silane copolymer. 

' It is a further object of the present mventton o 

provid e a process of preparing lubricious coatings which is simple 
and efficient and results in uniformity between batches. 

ft should be understood to those well versed m the art 
of polymer and polyurethane synthesis that the copolymer 

and may be made by many different methods, and hat the 
llosure of the preferred embodiments herein do not nrrut the 
scope of the invention. 

prOTUheja^^ . aDrocess 

-^-^^^T^nt invention compnses a process 
for preparing silane copolymers. Stated somewhat more 
specific^, the invention in a fust aspect compnses a method o 
repanngl silane copolymer from one or more polyrs^ 
from one or more lubricious polymers havrng at least two 
Inltional groups, which may be the same or differ*. « « 
reactive with an isocyanate functional group, and from one o 
^organo-functional sUanes having at feast two functronal 
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an isocyanate functional group and at least 
reactive with a silicone rubber substrate. 

The process of the invention may be performed m 
For example, the silane copolymers of the 
many vanauons. For examp ^ ^ 

present invention can be prepared oy followe d by 

lm .he polyisocyanateCs) and Unions ^ 
reaction with the organo-functional sdaneCs). 

r.f the invention can be prepared by iirsi 

While any monomers sausiymg 

polyurethane-urea-silane copolymers. However, i 
Jlood mat these specific copolymers are only preferred 
embodiments and in no way limit the scope of the 

In one disclosed embodiment, one or more polyols 
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the addition of an alcohol, preferably the alcohol formed by the 
reaction of the alkoxy group with water. 

In a preferred form of the embodiment, one or more 
polyols are reacted with an excess of a dtisocyanate in a first step 
o form an isocyanate-capped polyurethane prepolymer. The 
nation of this prepolymer «• be facilitated by employing - 
excess of poiyisocyanate. In other words, t e n^ of 
isocyanate functional groups present in the reactron mtxture^ 
gre ater than the number of alcohol function groups present m the 
eaction mixture. Preferably, the ratio of isocyanate funcUon^ 
gIOTP s to alcohol or other isccyanate reactive functional groups . 
Lm 1,:! to 2:U More preferably, the ratio of ts^a 
functional groups to alcohol functional groups ts from 1.5.1 
21 most preferably 1.6 to 1.8. 

The reaction between the polyol and polyrsocyanate 
can also be faciUtated by employing a catalyst. NonBrmting 
examples of suitable catalysts are tertiary ammes, such as N N 
... n N-dimethyl-cyclohexarrune-bis^- 

dimethylaminoethanol, dime y ' N , N> N -. 

dimethyl aminoethyl) ether, N-ethylmorphoUne, N,N,N ,N ,N 
pentJefbyl-dietbylene-triamine, and 

Ldazole, and metaUic catalysts, such as tin, stannous octo*. 
dibutyl tin dilaurate, dioctyl tin dilaurate, dibutyl tin mercapUde, 
ferriLetylacetonate, lead octoate, and dibutyl ttn dmcm le at. 
1 prefeld catalyst is ti. The most preferred ca^yst ts 
dioctyl tin dilaura^ ^ ^ ^ ^ 

ure a prepolymer is reacted with an organo-functional silane to 
form a polyurethane-urea-silane copolymer havmg pendant 



aUcoxy groups. Any organo-functional silane having at least two 

reactive with an isocyanate functional group, and at least one 
functional group reactive with a silicone surface may be used in 
the process of the present invention. The reaction can b 
facilitated by performing the polymerization in a dry organ, 
solvent. If the silicone reactive group of the stlane is alkoxy, an 
optional third step comprises stabiUzation of the alkoxy groups of 
the polyurethane-urea-silane copolymer by the addition an al ohol 

* n „ tn the reaction product of the alkoxy 
of the alcohol corresponding to the reaction p 

group with water. 

In a second disclosed embodiment, one or more 
amino-functional alkoxysilanes are reacted with an excess of one 
or more polyisocyanates, preferably a diisocyanate. The polyure 
product of this first step is then combined with one or more 
polyols, optionally in the presence of a catalyst, such as a tin 
List If a catalyst is used, a polyurethane-urea-s.lane 
copolymer having pendant alkoxy groups. This polyurethane 
urea-silane copolymer is then optionally stabilized in solution by 
addition of the alcohol corresponding to the alcohol formed by 
the reaction of the alkoxy group with water. 

to a third disclosed embodiment of the process, one 
or more amino-functional aUcoxysilanes are reacted with one or 
more polyisocyanates, preferably a diisocyanate, and one or more 
polyois, optionally in the presence of a cata!yst, such as a U„ 
List, to form a polyurethane-urea-sUane copoiymer having 
pendant alkoxy groups. This polyurethane-urea-sUane copolyme 
I then optionally stabilized in solution by addiuon of the alcohol 



corresponding to the alcohol formed by the reaction of the aUcoxy 

eroup with water. . 

When alokysnanes are used in the present .nventton, 

the resuUing polyurethane-urea-silane copolymers contam 

Lace hut can also react with any water present in the re. = 
^ thP alkoxv groups with water cleaves 

system. The reaction of the aucoxy gi v 
Lho, from the copolymer and leaves silanol groups m p^ceo 
th e alicoxy groups. These siianols may react wrth the ^cone 
substrate or with each other, the latter producmg crossings m the 
copolymer which can affect coating properties. 

Addition to the copolymer solution of the alcohol 
formed by the reaction of the alicoxy group contained m the 
opolyme and water helps to stabilize the copolymer by 
ZL* *e reaction of alkoxy groups with water. Example* of 
such alcohols include, but are not limited to, methanol, ethanol^l 
propanol, 2-propanol, butanol, hexanol and octane,. Th 
particular alcohol used will depend upon the aUcyl portton of the 
aToxy group. For example, methanol is used to stable a 
cLalning methoxy groups. The alcohol is generally 
ad ded at the end of polymerization in an amount from 5 to 
of the total solvent composition, preferably from 10 to 30% 

My polyol may be used in the process of the 
invention and is preferably dried to less than !000 ppm water 
bef ore reaction. Examples of such polyofs include bu u» » 
Umited to, polyethylene glycols, polyester polyols, pol emer 
Xols, casL oil polyols, and polyacrylate polyols, mcludmg 
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^ A^fiS and Desmophen A160 

Desmophen A450, Desmophen A365, ana 

(Mobay Corporation, Pittsburgh, PA). 

The process advantageously employs a diol as 
polyol Suitable diols include, but are not limited to, 
poWlene adipates), poly(diethyleneg. y col adipates), 
^lactone diols, polycaprolactone-po.yadipa.e copoiymer 
dJs poly(ethylene.terepUthalate)diols, polycarbonate dols 
ne ether glycoi, polyene glycol^ 
oxide adducts of polypropylene diols, ethy!ene 
of polyoxypropylene triols. The preferred polyol is the diol 
polylyiel! Jycol. The most preferred polyethylene glycol is 
Carbowax 1450 (available from Union Carb.de). 

instead of polyols, amine functional polymers may be 
used in the process of the invention to produce isocyanate- 
used in P amino-functional 
nationalized polyureas for reaction wi extenQe rs 
alkoxysilane. Additionally, amine funcUonal chain extend rs 
!Zn to the art of polyurethane synthesis and £ 
pr oduces polyureas by reaction with isolates to produce 
amines may also be employed. Monomers contammg uch cham 

other polymers having functional groups reactive wi* 
CanL as wel! as the use of other — 
polylethane/^yurea synthetic techniques known to the art are 

anticipated by the process of the present invent^ 

Anypolyisocyanatemaybeusedintheproces of the 

pre sentinvention. The polyisocyanate may be aromatic, ahphaUc 
TcycloaUphatic. NonlimiUng examples of such polyisocy^ 
are 44--diphenylmethane dnsocyanate and position tsomers 
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thereof 2,4- and 2,6- toluene diisocyanate (TDD and posiuon 
isom ers thereof, 3,4-dichlorophenyl diisocyanate, 
dicyclohexyimethane-4,4'-diisocyanate (HMDI), 
diphenylmethane diisocyanate (MDI), 1,6-hexamethylene 
diisocyanate (HDD and position isomers thereof, isophorone 
diisocyanate (IPDI), and adducts of diisocyanates, such as the 
adduct of trimethylolpropane and diphenylmethane drisocyana e 
or toluene diisocyanate. The preferred polyisocyanate rs the 
diisocyanate dicyclohexylmemane-4,4--diisocyanate (HMDD- 

Any organo-functional silanes having at least two 
functional groups, which may be the same or different, that are 
reactive with an isocyanate functional group and at least one 
functional group reactive with a silicone surface may be used m 
the process of the present invention. Nonlimiting examples of 
organo-functional silanes are N-beta-(aminoethyl)-gamma- 
aminopropyl-trimethoxy silane and N-(2-aminoethyl)-3- 
aminopropylmethyl-dimethoxy silane. The preferred organo- 
functional silane is a diamino-alkoxysilane, such as N-(2- 
arninoethyl)-3-aminopropylrnethyldimethoxy silane. 

In general, it is beneficial to add a catalyst to the 
isocyanate reaction mixtures. Although any catalyst known to be 
useful in isocyanate reactions may be employed, the preferred 
catalyst for the present invention is any tertiary amine or metalhc 
catalyst. Nonlimiting examples of suitable catalysts mclude 
tertiary amines, such as N,N-dimemylaminoethanol, N,N- 
dimethyl-cyclohexarnine-bisC^dimethyl aminoethyl) ether, N- 
ethylmorpholine, N ,N,N%N%N"- P entame m yl-diemylene-triarmne, 
and l-2(hydroxypropyD imidazole, and metallic catalysts, such as 
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zzvsz&z: 

During polymenzation, it tne copu > 

by addition of solvent to the solutton. The pref rr d p y 

Ition for dip coating has a — vtscos.y n a 

about 1 5 to 20 cS (centistokes), preferably 2.0 to 10 cS, an 
about 1.5 to 20 i ^ ^ , 

preferably 2.5 to 5 cS. Th P , y 

solids content in a range of about 0.4 to 

...» — — « rrr:: 

may react with allcoxy groups of the suane. 

drably contains less than 200 PP m water. Solvents wh,cn are 
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useful in the present invention in** but are not ^ d ' 
tet rahydrofuran, acetonitrile, ethyl acetate, methy ene chlond. 
dib romomethane, chloroform, dichloroethane, 
dichloroethylene, with tetrahydrofuran being preferred. 

^T^T^ect, the present mventton corpses 

„ made bv the processes described above, 
the silane copolymers made t>y me y 

oreferably polyurethane-urea-silane 
These copolymers are preteraoiy v 
copolymers. P—ly Purred copo»me a 
polyurethane-urea-silane copolymers havmg from 7 to 2% by 
silane based upon the weight of the entire copolymer™ 
J preferred copolymers of the invention are those compn ed 
of lyclohexytaethane-^-diisocyanate, N<2-ammoemyl)-3- 
aminopropylmemyl-dimethoxy silane, and Carbowax 1450. 

The silane copolymers can contatn addmonal 
components. For example, they may contain viscosity - and £w 
control agents, antioxidants, conventional ptgments, a, release 
agents or defoamers, and other hydrophilic polymers. 

Antioxidants are not necessary, but may be used to 
^prove the oxidative stability of the coding, 
examples of useful antioxidants are vitamin E, tnsO.S-dt-t-bmy 
example me thvlenebis(4-methyl-6-t- 
4-hvdroxy benzyl)isocyanurate, 2,2 -memyiene 

4-hydroxy hydrocinnamate, 4, l _ 

butylphenol), p,p--dioctyl-diphenylamine, and 1,1,3-tns 
methyl-4-hydroxy-5-t-butylphenyl)butane. 
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Conventional dyes and pigments can be added to 
imp art color or radiopacity or to enhance the aesthetic appearance 
of the coatings produced from the copolymers. 

TV t i.. nf the. Cooolvrners^sJAiciomfiflarings 

In a third aspect, the present invention comprises a 
me thod for using the silane copolymers described above to fonna 
.ubricious coating on difficult to coat substrates. Ahhough *e 
referred substrate is a polysiloxane rubber, the copolymer ts also 
useful for coating other difficult to coat substrates, such - 
polyethylene and polypropylene, as well as other polymers, glas 
Ltal, and ceramics. Many medical devices, such as guide ^es 
catheters, including Foley, angioplasty, diagnostic, and balloon 
catheters; implant devices; contact lenses; lUDs; pensta Urc pump 
chambers; endotracheal tubes; gastroentenc feed tubes 
arteriovenous shunts; condoms; and oxygenator and krdney 

substrates. K _ 
The silane copolymers of the invenuon may be 

applied «o the substrate by conventional methods known in the art 

I genera,, the substrate is dipped into a solution of the copo ym r 
of the present invention. Preferably, the substrate is drppedrnto 
the copolymer solution at a rate of about 15-80 rnches per rmnu e 
(lp m), preferably about 40 ipm. The substrate ts preferably 

II to remain in the coating solution for 0-30 seconds 
preferably about 5-15 seconds, and men is withdrawn at a rate of 
Lout loib i P m, preferably ,5-30 ipm. Once the subsjrate has 
been coated with the copolymer of the invention, it ts allowed to 
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* dry for at least 1 hour. The substrate may optionaUy be dned 
l a hot air stream or in an oven at a tempera ture 

IeSidUal " siiane copo ly mers of the present invention can be 
used to form a variety of unique coatings by varying the ^exact 
components incorporated into the copolymer. Son. ecffce 
copolymers are both very lubricious and adhes.ve to the subs ra e. 

Other of the copolymers of the invention are less 

Uave superior adhesion. These copolymers can be used as 

primer coat over which a lubricious top coat may be attached 

" ,„ a first disclosed embodiment, the siiane copolymer 

of me invention may be applied to the substrate as a primer 

over which a second lubricious top coat is then app re *J* £ 

embodiment, the siiane copolymer acts as a pnmer, facu.tatmg 

b e applied by any method, but is advantageously apphed by 
is the primed substrate into a solution of the top coat m a 
manner similar to that by which the primer is apphed 

As mentioned above, the preferred polyol used m d* 
preparation of the siiane copolymer is polyethylene glycol (PEG ^ 
PEG is a polymeric diol which is available in a van ty of 
ToLar lights. The use of PEG having **»f£Z 
weights affects the molecular weight and lubncrty of the coaungs 
lid. When the siiane counter is used as a primer coat, a 
PEG having a lower molecular weigh, such as Carbowax 450, . 
used The use of Carbowax 1450 provides a prepolymer havmg 
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m olecular weight that is generally between about W** 
25 000 as measure by gel permeation chromatography (GPC) 
polymer made from such a prepolymer provides unproved 

adhesion of the primer coat to the substrate. 

The lubricious top coat may be any coatmg wluch 

enhances the lubricity of the substrate. One preferred top coat ts 

, va 101 rrR Bard Inc., Murray Hill, N.J.) or a 
ne - altlve nature of poly— 

coatings disclosed in U.S. Patents No. 5,077,352 5,1 
5 160 790; and 5,209,585, herein incorporated by reference. 

Alternatively, the lubricious top coat mat , apphed 
over the primer coat is the silane copolymer of the present 
Mention lade with a higher molecular weight PEG^such * 
Carbowax 8000. Copolymers made from a mgher molecular 
^ght PEG, such as Carbowax 8000, exhibit an mcreased 
Utty over copolymers made with a lower molecular wetght 
PEG such as that used in the primer coat. 

I„ a second disclosed embodtment, the stlane 
copolymers of the invention may be applied to the substrate - 
J gle coating when a sufficiently lubricious 
Carbowax 8000, is incorporated into the copolymer. Th 
copolymers of the invention may be used alone as the stng* 
c i, or may incorporate additional hydrophUic polymers £ 
me copolymer to add desirable properties to the coatmg. The 
plfll copolymers of this embodiment contain at least one 
d itional h drophilic polymer, such as polyethylene giycol 
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(PEG). «* »*»• " 

<PVF) ' H*k*fl* po.y~. «« « • id " > ",*" 

hyaluronic acid and its salts <u vjmtha ns 
Indroitin sulfate, ceUu,oses, chitin, chitosan, agaro , x n*» , 
d ermatan sulfate, Keratin sulfate, emulsan, gellan, . J**. 
amylose, carrageenans, amy.opectin, dextrans glyco en . 
heparin sulfate, and limit dextrins and f " gI " * ° 
synthetic hydrophilic polymers, polyvinyl alcohol), and poly(N 
C e (PVP). -e preferred hydrophihc polymer 

for use in the present invention is polyethylene glycol. 

P^tieipfr^tb^^ , avea 
^^^Ungs made by thrs process have a 

„ um ber of advantageous properties. These property .include a 

red uced coefficient of friction when wet, proving 

slippery surface, increased coating adhesion to srncone and othe 

St to coat substrates, and increased coating durabrnty on 

sUppery the coating is when contacted with another surface, such 
as body tissue. The lower the COF, the more shppery » *e 
LLg Medical devices whose surfaces become slippery when 
we t dlease patient discomfort and decrease trauma * 
patient's tissue. It is, therefore, desirable to produce a coatmg 
Ling as lo wofaCO F as possible when we, The coatmgs of the 
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present — n have a COF when wet of between OQ ~M 
preferably between 0.0! and 0,2, and .ore preferabl b^ en 
0,! and 0.06. In contrast, uncoated surfaces of - 
devices typically have wet COFs greater than 0.35. Thu, 
coatings of the present invention are excellent for use on the 
:Zof medJal devices, especial* those made of sUicone » 

Coating adhesion and durability are both affected by 
th e copolymer's molecuiar weight. The molecular weight in .urn 
to dependent upon a number of factors: (!) the amount .o 
initia ly present in the polyol, (2) the final prepolymer molecul 
X 3) the prepolymer isocyanate functionality, (4) how clos 
I at o of prepo,ymer isocyanate groups to amine groups m * 
organo -fu„ctional sUane approaches a 1:1 stoichiometnc r t o, £ 
purity of the sUane monomer, (6) the water conten of the 
ZL used, and (7) the degree of viscosity the copolymer ts 
allowed to attain before the final dilutton. 

A„ important factor which contnbutes to both the 
copoVymer molecular weight and the 

copolymer synthesis is water contamination. Water cart aff*t *e 
copolymer molecular weight and the reproduce of J. 
copolymer synthesis in severa! ways. First, because wate ^ 
1 Lyanate groups to form primary amines, tt can rffcc * 
stoichiometry of the polymerization. Second, water can re^ 
1 the mloxy groups of DAS to form crossings wttfcn the 
copolymer, which dramatically increase the molecular wetgh o 
I copoiyme, Therefore, it is desirabie to limit the amount of 
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wa ter present during manufacture of the coating. Some f he 
way s to limit water contamination are the use of molec lar s ev , 
vacuum drying, anhydrous reactants and a dry, inert atm ^ 
If polyethylene glycol or other hygroscopic starting material is 
Jd L the copolymer synthesis, it is preferred h, it e 
adequately dried to a consistent moisture level before us. 
CLopic materials such as polyethylene glycol can absorb 
" kan quantities of water from the air in a short penod of 



time 



The ratio of isocyanate groups on the prepolymer to 
^ne groups on the organo-functional silane also affects the 
i , m »r A 1-1 ratio produces a 
molecular weight of the copolymer. A 1.1 r P 

copolymer approaching infinite molecular weight. Th -m 
of fee isocyanate groups present in the prepolymer limits the 
umber of sites available for reaction with the amine ^ on 
the organo-functiona, silane. Similarly, the punty of the silane 
affects the number of amine groups availab.e for 

This invention is further illustrated by the following 

limitations upon the scope of the invention. 



EXPERIMENTAL DATA 

Example 1 



Preparation of polyethylene glycol 

To a glass jar was added 200 g of polyethylene glycol 
(PEG) H50 (Union Carbide) followed by the addition of 50 g 
£L« sieves. The Jar was then placed in a vacuum oven a 

a f.,11 vacuum The water content ot tne 
68°C for 72 hours under full vacuum. 
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, j u i^ori Fisher titration and determined 
PEG was then analyzed by Karl Fischer 

to be 454 ppm. 

Example 2 
Preparation of urethane prepolymer 

A three neck 300 ml round bottom flask was 
ecmipped with an overhead stirrer, a nitrogen inlet, and a nitrogen 
q P , j • „ irPC oil bath. The nitrogen 

bubbler. The flask was placed in . 70 C oil ba 

j dried molten PEG 145U was 

bubbler was removed and 1 1 .60 g dried, m 
injected into the flask with a syringe. To the molten PEG was 
I d 4.03 g o f Desmodur W (Bayer, Inc. Germany) by syringe. 
The flask was then flushed with nitrogen, and a mtroget b^ 
was maintained over the reaction mixture throughout 

PrOCedUre ' The reaction mixture was stirred until homogenous. 
Hex, 0*15 , of diocty, tin dilaurate was added to the reaction 
nature with a syringe. The mixture was then stirred for 1.2 
hours at 68°C to form the urethane prepolymer. 

Example 3 

Synthesis of polurethane-urea-silane copolymer primer 
" Ithree-neck, 500 ml, round bottom flask was setup 

with an overhead stirrer, addition funnel with nitrogen inlet, and 
septum seal with nitrogen bubbler (outlet). The system was 
•v, •, on Ml 5 g of dry (less than 100 ppm water) 
flushed with nitrogen. 111.3 J <■ „u, m cr 

te trahydrofuran (THF) was added to the urethane prepoly- 
spared in Example 2, and the mixture was st,rred un«l 
homogenous. 
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Next 1 53 g of N-(2-aminoethyl)-3-aminopropyl- 
me thyldimetho>y' silane (DAS) (Ge,es t , inc.) was c— ^ 
38 63 g THF and added continuous* to the prepolymer soluuon 
a t„ addition funnel over a period of approxrmate i five 
Lutes to begin the potation. The soiids concentrate of 
the solution was approximately 10% at this porn, 

The viscosity of the mixture was momtored and 
• ~ />p>> 48 3 e of anhydrous 
when it increased to 70.9 centipoise (cP), 48.3 g y 

™ F was added. The viscosity fell and then 

When it reached 70.0 cP again, 49.33 . of anhy .reus THF w, 

added This process was repeated, adding another 48.62 g of 

viscosity of 67, cP, the solution was transferred mto a - 
containing 690 g of THF and stirred until 
of rae thanol was then added to stabilize the s.ane copolymer 
Educing a final solution concentration of ,2% ***** 
amount of methano! in the solvent mixture was suffeen o 
prod uce a final methanol concentration o 2 % of the ^ 
Lvent The copolymer solution was ten drluted to 0.8!% solrds 
1 1 soluUon i 75% THF and 25 % methanol to produce a final 
viscosity of 4.02 cS. 

Example 4 

Preparation of HydrosUde !21 polyurethane hydrogel 

3 42 g of Polyox N750 (Union Carb.de) was 
dissolved in 580.6 gdicnloromethane. U» t ***** » 
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(Caschem Inc.) was then added to the Polyox solution and stured 
«enous. Then, 0,6 g Desmodur CB60N (Bayer, Inc.. 
G lany) was added to the solution and mixed until homogenous. 

Example 5 

Thirty catheters were dipped into the primer 
copolymer solution of Example 3 a, a rate of about 4UM£ 
The catheters were allowed to remain in the coattng soluuon f 
10 seconds and then withdrawn at a rate of about 14.9 ^ T 
carters were air dried by passing a gentle stream of atr th ough 
IhtHage lumen of .e catheters for about 5 minutes, followed 
by air drying for one hour. 

Example 6 

The thirty catheters from Example 5 were then 
dipt «d into a solution of the Hydroslide 121 coating prepare m 
Example 4 at a rate of 41.1 ipm and withdrawn at a rate of 15.2 
"I t catheters were then air dried by passing a gentle stream 
If air through the drainage lumen for about 5 minute.a.r dry^ 
fcem for an addition* 30 minutes, and then placmg them mto 
oven at 80 -C for IS minute, The catheters were allowed to cool 
and then packaged and sterilized with ethylene oxrde (TO 
H sterLtion, the coefficient of friction of 10 parrs of * 
siUcone copolymer coated catheters was evaluated ov« a 2 day 
period in which the catheters were incubated m water t 37 C 
When compared with the coefficient of fnctron of uncoateo 
« calters, the results confirmed a highly lubncrous, 
durable hydrophilic coating on the silicone catheters. 
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Finally it will be understood that the preferred 
embodiments have been disclosed by way of ^example, and that 
other modifications may occur to those stilled m the * t wrthout 
separating from the scope and spirit of the appended clarms. 



